Abstract. Based on the whole genome sequence of Fragria visca, the members of the MADS gene family in strawberry genome were identified and analyzed. The MADS-box containing proteins were searched using both hidden markov model fitting with Arabidopsis thaliana proteins, and de novo prediction. 85 MADS-box protein coding genes were identified, with 74 with confidence. Five new proteins that were not annotated in the genome were found, one of which, MADS8, was experimentally validated. These results provide useful information for functional studies of this important protein family.
Introduction
The growth and development regulation mechanism of plants is the key and research hot spot for a long time. Among various factor, the MADS-box transcription factor mediated regulation of flower development in higher plants has become increasingly clear in recent years. MADS-box proteins comprised of a highly conserved DNA-binding domain. The first reported three factors were the yeast Mini Chromosome Maintenance 1 (MCM1), the Arabidopsis AGAMOUS (AG), the snapdragon DEFICIENS (DEF) and the human serum response factor Serum Response Factor (SRF) [1] . MADS-box protein is the acronym of these four factors, which have similar structure characteristics.
To date, most of the genes involved in the development of plant flowers belong to the MADS-box gene family. Based on the genetic studies of dicotyledonous plant mutants, the ABCDE model of flower development has been proposed. A, B, C, D and E represent the five different function types of floral genes. They function alone or collaboration to control the morphology of flower development [2, 3] . With the study of plants such as Arabidopsis and Petunia, many MADS-box genes were cloned, with some being functionally characterized. There are more than 100 in Arabidopsis genome [4] . So far, hundreds of MADS-box genes have been found in other plants. Most of these factors play significant roles in the development of plant reproductive organs and some were also involved in the development of plant vegetative organs [5] .
Strawberry is an important berry fruit in the horticultural industry. Its cultivation area ranks only second to that of grape in the world. The fruit is formed by the receptacle and the one-seed-achenes on it, which is a good material for studying the development of flower/fruit organs. In contrast to the woody fruit trees, strawberries are perennial herbs. As a major crop in horticulture industry, the genome of strawberry has been released for years [6] . Primary investigations of MADS family members has been reported by Zhou et al. [7] , but detailed and comprehensive analysis and validation still need to be conducted for these gene family members. What's more, expression analysis can bring us valuable information to find those MADS-box members that might get involved in strawberry flower development.
In this study, Fragaria vesca genome information was used to characterized the MADS thoroughly. Manually curated annotation of each member was carried out here. A new MADS-box gene named MADS8, located on LG2, which was not annotated in genome, was experimentally validated. These results pave a way for the further exploration of the family's genetic function.
Materials and Methods

Genome-wide MADS-box investigation
The whole genome sequence data for Fragaria vesca from Genome Database for Rosaceae (https://www.rosaceae.org/) v2.1 were used to isolate the MADS-box domain-containing sequences. Two strategies were used: 1) Genomic sequences for each of the seven linkage groups were all translated based on all possible open reading frames according to the '+' and '-' chain. The deduced amino acid information was searched using hidden markov model implemented in HMMER (v3.1b2) software against MADS-box pfam document 'PF00319' (e-value 0.00001). The obtained target segments were the candidate MADS-box gene coding regions. 2) Referring to the pipeline of Gramzow et al. [8] , MADS-box encoding genes were semi-automatically predicted in the Fragaria vesca genome. The two parts of results were combined, redundant sequences were removed. To manually curate the encoding factors, functional domain searches were conducted through domain scanning (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). Those candidates without MADS domain structure were excluded. The protein coding genes were manually checked and the intron and exon information were extracted from the genome database.
Phylogenetic Analysis
The protein sequences of all MADS-box genes were aligned with clustalW implemented in bioedit software (v7.2.6). Maximum likelihood tree of each gene was inferred using IQTREE (v1.5.5) with automated substitution model and 1000 regular bootstrap validation.
Cloning of Strawberry MADS8 Gene
On the basis of the existing strawberry genome annotation, MADS8 was selected as a new finding. The existence of this new factor was validated by RT-PCR. According to the corresponding amino acid sequence of MADS in the genome, we designed two primers MADS8For: ATG GGG AAG AAA TCA CAA AAC ACC G, MADS8Rev: TTA ATT TCT TCC AAT ATC TCC TAT TGA TTT GTT GGA ACC. The CTAB method was used to extract the RNA of the cultivated strawberry 'Toyonaka' with flower as materials. PCR amplicons were gel-purified and cloned into pEASY-blunt vector. Positive clones were subjected to sequencing confirmation.
Results
Members of the MADS gene family
Eighty-five MADS genes of Fragaria vesca were identified through the two methods (Table 1) . They were distributed evenly on the seven pairs of chromosomes, with seven on the first chromosome, ten on the second chromosome, eight on the third. The sixth chromosome have the largest number, 24 MADS encoding genes. Five new MADS gene sites were identified compared with the results of genomic annotation. Eight of the 85 sites, although containing the MADS domain, were not identifiable due to the inclusion of gaps. The average intron length of the 74 MADS encoding genes that were identified was 2.6, which can be as high as 10 (mRNA31290). Among the proteins with confidence, the longest CDS is 1921 bp (mRNA13277). Table 1 . MADS-box members identified in Fragaria vesca genome Table 1 , cont. MADS-box members identified in Fragaria vesca genome z Inferred as confirmed by RNA-seq; y none 'GT-AG' intron boundary was marked out in parentheses; NC, not confirmed due to annotation errors in the genome. Sequences with gaps in the genome were marked as N including.
Phylogeny of MADS-box Proteins in Fragaria Vesca
The amino acids of MADS-box proteins identified were aligned using clustalW. The ML tree (Fig. 1) was reconstructed with JTT as the most suitable amino acid substitution model in IQTREE. As can be seen from the figure, the 74 members with confidence (no gap and no annotation error) of the identified sequence can be divided into two broad categories (TypeI and TypeII). The former contains 20 members and the latter 54 members. Among them, Type II can be further divided into five subgroups, two of which contain more than 20 members (arrow). It can be recognized from the figure that members with other domain structures other than MADS, are mainly concentrated in the second type, such as k-box containing factors. It is noteworthy that only one member (MADS14) has its own special b-zip domain, indicating its special function.
Verification of the Newly Found MADS8 Gene in the Genome
To verify the accuracy of the above analysis, MADS8, a member that was not annotated in the strawberry genome was selected as one representative to be verified. Specific primers targeting LG2:22698117-22700372 were used to amplify the expected coding sequences. The amplification product was subjected to gel analysis (Fig. 2) and subsequent sequencing confirmation. The abstained results were identical with the sequence of analysis. 
Discussion
Quantities of MADS-box encoding genes have been identified in model plants [4] . In the Fragaria vesca genome, Zhou et al. [7] found 70 members. In this study, we identified 85 members in the genome. The main reason might be due to the strategies used. Moreover, we excluded some uncertain candidates. New members were reported here too, one of which has been validated by cloning. Overall, our results provide basic information for MADS-box genes in the model Fragaria vesca genome sequence.
